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Match-to-sample training clusters of A1 (sample): B1/B2 (comparisons), A2: B2/B1, B1: A1/A2, B2:
A2/A1, B1: C1/C2, B2: C2/C1, C1: B1/B2, and C2: B2/B1 were presented to pigeons with class-
consistent differential reinforcement using two dissimilar types of food reinforcers. Distinctive class-
consistent response patterns occurred to the samples during the fixed-ratio 5 sample observing
response requirement. Subsequent tests, modeled from the equivalence class paradigm demonstrated
the emergence (80% class consistent) of the transitive-like A-C and C-A relations for 4 and 2 of 12
pigeons, respectively, and a strong trend (over 70%) for 7 and 6 others, respectively; the emergence
of the reflexive-like identity relation when the nonidentical comparison was from the other class;
and the disruption of the trained within-class relation with the addition of a reflexive comparison.
After directional training of C1: D1/D2 and C2: D2/D1, tests indicated no emergence of the sym-
metric-like D-C relation or the composite D-B and D-A relations, but the B-D and A-D transitive-like
relation occurred with some pigeons. Off-baseline training with class-consistent differential reinforce-
ment contingent on responding to the D stimuli alone produced distinctive responding and, in turn,
a trend to D-C symmetric-like control in 4 of 12 pigeons, as well as a shift toward class-consistent
control on D-B and D-A test trials. Class-consistent differential reinforcement that produced distinc-
tive sample behavior promoted stimulus control relations like those that circumscribe equivalence
class formation. Respondent–operant interactions permit an analysis of the possible enrollment of
stimulus values of distinctive responding to the discriminative stimuli forming the stimulus classes
via processes corresponding to naming in humans.

Key words: equivalence class, functional class, stimulus–reinforcer relations, respondent–operant
interactions, differential outcome, key peck, pigeons

Research on stimulus equivalence class for-
mation (Sidman, 1971; Sidman & Tailby,
1982) with nonhuman animals continues to
focus on methodological features that occa-
sion the stimulus control of behavior resem-
bling the three requisite emergent stimulus
relations of transitivity, reflexivity, and sym-
metry (Dube, McIlvane, Callahan, & Stod-
dard, 1993; Kuno, Kitadate, & Iwamoto, 1994;
Tomonaga, 1993). Transitive relations
require a three-member class and emerge af-
ter the training cluster (Fields & Verhave,
1987) that can be described by the rules ‘‘if
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A1 then select B1’’ and ‘‘if B1 then select
C1,’’ such that responding is emitted towards
C1 following A1 (Stromer & Osborne, 1982).
There is evidence of the emergence of tran-
sitive relations among discriminative stimuli
in monkeys and chimpanzees (Boysen &
Berntson, 1989; D’Amato, Salmon, Loukas, &
Tomie, 1985; Premack, 1986) and the sea lion
(Schusterman & Kastak, 1993). Kuno et al.
(1994) recently reported some evidence of
the emergence of transitive relations with pi-
geons, although other investigators have
found none (D’Amato et al., 1985; Kendall,
1983; Lipkins, Kop, & Matthijs, 1988).

Unlike transitivity or symmetry, the reflex-
ive relation depends on the formal percep-
tual characteristics of the discriminative stim-
uli (Hayes, 1989). Generally reflexivity
coincides with behavior that can be described
as based on a single rule specifying sameness,
or generalized identity matching. Following
training clusters with multiple sets of discrim-
inative stimuli, subsequent tests with novel
stimuli have demonstrated the emergence of
identity matching with old- and new-world
monkeys (D’Amato & Salmon, 1984), adult



98 EDWARD F. MEEHAN

and infant chimpanzees (Nissen, Blum, &
Blum, 1948; Oden, Thompson, & Premack,
1988), bottlenose dolphins (Herman & Gor-
don, 1974), and sea lions (Pack, Herman, &
Roitblat, 1991). Early tests with pigeons typi-
cally failed to show generalized identity
matching (e.g., Cumming, Berryman, & Co-
hen, 1965; Santi, 1982), although by utilizing
massed multiple training clusters, Wright,
Cook, Rivera, Sands, and Delius (1988) dem-
onstrated behavior indicating the emergence
of reflexive-like generalized identity match to
sample with pigeons (see Dube, McIlvane, &
Green, 1992).

Symmetric relations are the result of an
emergent equality between two stimuli follow-
ing directional training from which behavior
is emitted that can be described as based on
a single rule specifying reversibility. The results
of tests of symmetric-like relations with pri-
mates have been equivocal or weak (D’Amato
et al., 1985; Sidman et al., 1982; Tomonaga,
Matsuzawa, Fujita, & Yamamoto, 1991), and
very little evidence exists for the emergence
of symmetric-like relations with pigeons
(Gray, 1966; Hogan & Zentall, 1977; Kendall,
1983; Lipkins et al., 1988; Richards, 1988; Ro-
dewald, 1974). Schusterman and Kastak
(1993) were able to demonstrate the emer-
gence of symmetric-like relations using mul-
tiple training clusters in a sea lion.

Class-Consistent Differential Reinforcement

Differential reinforcement under four-
term contingency training clusters (Sidman,
1986) engenders relations between and
among discriminative stimuli. Most often re-
sponding with such procedures is reinforced
with a single hedonic outcome (O). A single
class (i.e., correct responses) of various spe-
cific stimulus relations is strengthened; that
is, responses that can be described by the
rules ‘‘if A1 then select B1’’ and ‘‘if A2 then
select B2’’ are reinforced with the O. As such,
the possible influence of a respondent–operant
interaction as a significant methodological fea-
ture on acquisition is negligible.

Discriminative stimuli that occur regularly
with a given O may come to serve as condi-
tioned stimuli (Hearst & Jenkins, 1974),
thereby creating appended responses, which
may enhance and expand the acquisition of
stimulus control. The stimulus–reinforcer re-
lation may produce effects that contribute to

stimulus class formation (Catania, 1971;
Lawrence, 1963; Ray & Sidman, 1970;
Schoenfeld & Cumming, 1963; Sidman,
1986). Our understanding of stimulus class
formation may benefit from a behavioral
analysis of the effect of using a different O
correlated with each class during training.

In the present study, bidirectional A-B and
B-C relations were established with training
clusters using class-consistent differential re-
inforcement with two different types of rein-
forcers. Tests were then conducted to inves-
tigate the possible emergent stimulus control
relations delineating equivalence classes. The
possible transitive-like A-C and C-A relations
and the reflexive-like relations were first as-
sessed. The symmetric-like D-C relation and
composite (symmetric- and transitive-like) D-
B and D-A relations were assessed twice, first
after a unidirectional C-D training cluster and
then after an off-baseline class-consistent dif-
ferential-reinforcement procedure that pro-
duced sample-specific distinctive responding
to the D stimuli.

METHOD
Subjects

Twelve White Carneau pigeons from the
Palmetto Pigeon Plant and 4 loft-reared rac-
ing pigeons obtained from a local coop were
individually housed under typical laboratory
conditions, with water and grit always avail-
able. The pigeons were maintained at 80% of
their ad libitum weights by limiting their ac-
cess to food; they were maintained through-
out the experiments on a 12:12 hr light/dark
cycle.

Apparatus
Four typical operant chambers with BRS/

LVE three-key intelligence panels (Model
PIP-016) were controlled by a computer using
CONMAN-E software (Lucas, 1992). Each
panel contained a grain hopper opening,
with hopper light, under the center key. Ac-
cess to the mixed grain in the hopper, with
the hopper light on for 3 s, was designated as
Outcome 1 (O1).

A semicircular cup fabricated from sheet
metal, approximately 4 cm high by 2.5 cm
wide by 1.5 cm deep, was located 7 cm to the
right of the hopper opening, into which
Noyes 20-mg (C-1) pigeon pellets could be
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delivered from a Gerbrands G5120 dispenser
located atop the chamber enclosure. A 28-V
0.1-A shielded white lightbulb was mounted
2.5 cm above the cup. Four dispenser oper-
ations, three to four pellets, and the dispens-
er cup light onset for 3 s were designated as
O2. Outcomes, therefore differed in a num-
ber of ways, including type, amount, delivery,
delay, and location.

Behind each response key was a 12-stimu-
lus IEE in-line projector. A custom film was
made which permitted projection of a white
field and 11 color pictures of animals taken
from National Wildlife Magazine onto each re-
sponse key. Stimuli consisted of different an-
imals, either singly or in groups (e.g., frog,
parrot, fish, and leopard), and thereby varied
across many dimensions such as color, shape,
and brightness. Extraneous noise was masked
by white noise at 60 dB presented through a
speaker located behind the panel and by the
chamber’s exhaust fan. A 28-V 0.1-A shielded
white bulb located 2.8 cm above the center
key served as the houselight.

Procedure

Pretraining began with three sessions of ap-
proximately 25 presentations each of O1 and
O2. The pellet cup was baited with pellets
and grain on the first 2 days. More pellet pre-
sentations (O2) than hopper presentations
(O1) were needed over the final 2 days to
insure that pellets would be consumed. All
pigeons reliably approached and consumed
both O1 and O2 upon presentation by the
end of the third session.

All pigeons came to reliably peck at white
lit keys following three 48-trial sessions of an
autoshaping procedure that used both O1
and O2. Next, five 33-trial exposure sessions
were conducted during which one of the 11
picture stimuli was presented on one of the
three keys. A fixed-ratio (FR) 1 schedule was
in effect, and the probability of occurrence
for O1 and O2 was .5 and was random with
regard to both stimulus and key location.
This training was done to insure that each
pigeon would respond to all stimuli to be
used in the study. Initial stimulus preferences
were eliminated by the 5th day as indicated
by equivalent response latencies to the vari-
ous stimuli and locations. Finally, four ses-
sions were conducted wherein a chain FR 5
to a white center key and then an FR 1 to a

single white side key was established. As be-
fore, the probability of O1 and O2 was equal,
and the occurrences were random.

Training cluster sessions consisted of 96 tri-
als of a two-comparison, 0-s delay, symbolic
match-to-sample procedure. An FR 5 observ-
ing response requirement to the center-key
sample was necessary to produce the two
comparison side-key stimuli on each trial, to
which a single response terminated the trial
with an O or blackout. Responses to class-con-
sistent comparisons (e.g., responding to B1
following Sample A1 or to B2 following A2)
were followed by an O. All responses to class-
inconsistent comparisons (e.g., responding to
B1 following Sample A2 or to B2 following
A1) produced a 60-s blackout; then the next
trial occurred, or, when a correction proce-
dure was used (see below), the trial was re-
peated. Further, a trial was terminated if no
response was made within 60 s to either the
sample or comparisons. Following either O
or blackout, there was a 6-s intertrial interval
of 3 s of darkness followed by 3 s of house-
light onset before the next trial began. Ses-
sions were terminated after 2 hr, if all 96 trials
had not been completed by then.

Table 1 presents the trial types used during
training with class-consistent differential re-
inforcement. Eight pigeons were given a se-
quence of A-B and B-A associative training
until the criterion (i.e., two consecutive ses-
sions at 90% correct) was met and the first
20 sessions of the A-B/B-A discrimination
training cluster occurred without the correc-
tion procedure. The correction procedure re-
peated a trial until a correct response oc-
curred. The other 8 pigeons were given a
slightly different sequence in that the A-B and
B-A associative training was limited to five ses-
sions and the correction procedure was used
throughout the A-B/B-A discrimination train-
ing cluster. The correction procedure was not
used during the associative training clusters,
which were designed to promote Type S (se-
lect) stimulus control (Carrigan & Sidman,
1992; Carter & Werner, 1978; Cumming &
Berryman, 1965; Johnson & Sidman, 1993).
Upon reaching criterion in the A-B/B-A
training cluster, sessions either to criterion
(Procedure 1) or five sessions (Procedure 2)
of B-C and C-B associative training were pre-
sented, followed by the B-C/C-B discrimina-
tion training cluster until the same criterion
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Table 1

Trial types in class-consistent training. The outcome type
is shown in parentheses (O1 5 grain; O2 5 pellets).

Sample

Comparisons

Co1 Co2 Sample

Comparisons

Co1 Co2

Associative training A-B
A1
A1
A1

B1 (O1)
B1 (O1)
B1 (O1)

E1
E2
E3

A2
A2
A2

B2 (O2)
B2 (O2)
B2 (O2)

E1
E2
E3

Associative training B-A
B1
B1
B1

A1 (O1)
A1 (O1)
A1 (O1)

E1
E2
E3

B2
B2
B2

A2 (O2)
A2 (O2)
A2 (O2)

E1
E2
E3

Discrimination training A-B and B-A
A1
B1

B1 (O1)
A1 (O1)

B2
A2

A2
B2

B2 (O2)
A2 (O2)

B1
A1

Associative training B-C
B1
B1
B1

C1 (O1)
C1 (O1)
C1 (O1)

E1
E2
E3

B2
B2
B2

C2 (O2)
C2 (O2)
C2 (O2)

E1
E2
E3

Associative training C-B
C1
C1
C1

B1 (O1)
B1 (O1)
B1 (O1)

E1
E2
E3

C2
C2
C2

B2 (O2)
B2 (O2)
B2 (O2)

E1
E2
E3

Discrimination training B-C and C-B
B1 C1 (O1) C2 B2 C2 (O2) C1
C1 B1 (O1) B2 C2 B2 (O2) B1

Discrimination baseline trials
A1
B1
B1
C1

B1 (O1)
A1 (O1)
C1 (O1)
B1 (O1)

B2
A2
C2
B2

A2
B2
B2
C2

B2 (O2)
A2 (O2)
C2 (O2)
B2 (O2)

B1
A1
C1
B1

was attained. If criterion during A-B/B-A dis-
crimination training was not reached after 50
sessions (approximately 4,800 trials), the ex-
periment was terminated for that pigeon.

For each of the two procedures, 4 pigeons
were presented with class-consistent differ-
ential reinforcement with different Os, as
shown in Table 1; the other pigeons were giv-
en the same training, with O1 and O2 occur-
ring randomly following class-consistent re-
sponding. Each pigeon was assigned unique
stimulus sets. Final results of the training clus-
ters are given in the Appendix. The class-in-
consistent differential reinforcement training
failed to produce stimulus control consistent
with the A-B/B-A relations and will not be dis-
cussed in this report. Four of the pigeons
whose responding had not come under stim-
ulus control with class-inconsistent training
were retrained starting at exposure training

with new stimuli and class-consistent differ-
ential reinforcement (see the Appendix). In
total, 12 pigeons were presented with class-
consistent differential reinforcement training
clusters and were tested for the possible
emergence of equivalence-class-like perfor-
mances.

Distinctive responding to the sample was of
special interest with this procedure. Pilot
studies indicated that the pigeons developed
distinctive response patterns to the stimuli
correlated with each O. All samples required
an identical observing response (FR 5 to the
sample for presentation of the comparison
stimuli); pigeons responded with shorter la-
tencies and briefer interresponse times (IRT)
to stimuli that were consistently correlated
with O1 (grain) compared to O2 (the pel-
lets). To gauge these differences, a simple ra-
tio was calculated of the duration, in 0.1-s in-
tervals, of the center key for Class 1 sample
stimuli over duration of the center key for
Class 2 sample stimuli. Equal latencies and
IRTs to the samples of each class yielded val-
ues of 1.0; values below 1.0 indicated faster
responding to the stimuli of Class 1.

Baseline. The 12 pigeons were exposed to
an additional 12 96-trial baseline sessions be-
fore testing.

Testing transitive-like A-C C-A relations. This
consisted of four consecutive sessions divided
into an initial testing phase and the baseline
training cluster. The test phase consisted of
24 trials presenting the novel A-C and C-A
relations with an FR 5 center-key sample re-
quirement and comparisons of the same let-
ter designation (e.g., A1 and A2). Table 2
presents the trial configurations for this test.
This phase was followed by a 96-trial baseline
phase, shown in the bottom panel of Table 2.
Each of the four possible trial types appeared
six times during testing, and the position of
comparisons and the sequence of samples
were counterbalanced by random assignment
of orders without replacement. Regardless of
the comparison choice, all test trials had the
same result: the intertrial interval followed by
the next scheduled test trial.

Baseline. Next, the same 12 pigeons were
given 12 96-trial baseline-only sessions. Per-
centage of class-consistent responding during
baseline sessions remained high (97.6%;
range, 93% to 100%) and continued at these
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Table 2

Trial types in testing transitive- and reflexive-like rela-
tions. The outcome type is shown in parentheses (O1 5
grain; O2 5 pellets).

Sam-
ple

Comparisons

Co1 Co2
Sam-
ple

Comparisons

Co1 Co2

Test emergence of transitive-like relation A-C and C-A
A1
C1

C1
A1

C2
A2

A2
C2

C2
A2

C1
A1

Between-class emergence test of reflexive-like (identity)
relation
A1
B1
C1

A1
B1
C1

A2
B2
C2

A2
B2
C2

A2
B2
C2

A1
B1
C1

Within-class emergence test of reflexive-like (identity) re-
lation
A1
B1
B1
C1
A1
C1

A1
B1
B1
C1
A1
C1

B1a

A1a

C1a

B1a

C1
A1

A2
B2
B2
C2
A2
C2

A2
B2
B2
C2
A2
C2

B2a

A2a

C2a

B2a

C2
A2

Baseline training trials
A1
B1
B1
C1

B1 (O1)
A1 (O1)
C1 (O1)
B1 (O1)

B2
A2
C2
B2

A2
B2
B2
C2

B2 (O2)
A2 (O2)
C2 (O2)
B2 (O2)

B1
A1
C1
B1

a This Co2 is the reinforced Co in training cluster tri-
als.

levels throughout the remainder of the ex-
periment.

Testing reflexive-like relations. This phase was
based on the selection of a comparison that
is identical to the sample. Two types of test
trials were conducted: (a) the dissimilar com-
parison was from the other (between) class
with the same letter designation (e.g., A1 is
the sample and A1 and A2 are the compari-
sons); and (b) the reflexive comparison was
pitted against stimuli from the same (within)
class (i.e., a different letter designation). In
the second case, the stimuli were either com-
ponents of the training clusters (e.g., A1 was
the sample and A1 and B1 were the compar-
isons) or transitive-like test stimuli (e.g., A1
was the sample and A1 and C1 were the com-
parisons).

Four consecutive between-class test sessions
were conducted, structured as before with a
test phase of 24 trials followed by the 96-trial
baseline phase. Test trials were without sched-
uled consequences, and each of the six pos-
sible trial types occurred four times each ses-

sion (see Table 2). Position of comparisons
and sequence of samples were counterbal-
anced by random orders without replace-
ment.

Baseline. Next, 12 96-trial baseline-only ses-
sions were conducted, and class-consistent re-
sponding remained stable.

Four consecutive daily within-class test ses-
sions were then conducted, during which
each of the 12 possible trial types appeared
twice. Table 2 shows the composition of the
within-class trial types.

Baseline. Twelve 96-trial baseline-only ses-
sions were conducted, and class-consistent re-
sponding remained stable.

Training the C-D relation. This was required,
with single-direction class-consistent differ-
ential reinforcement (i.e., C1-D1 [O1] and
C2-D2 [O2], but not D1-C1 or D2-C2 train-
ing) before testing symmetric-like relations
could begin. Daily 96-trial sessions of a C1-D1
and C2-D2 training cluster were conducted
until criterion was reached. Table 3 presents
the two trial configurations used in training
with the correction procedure (see the Ap-
pendix).

Testing symmetric-like D-C relations. This phase
consisted of four consecutive sessions each
with 24 test trials followed by the new 96-trial
baseline training cluster. Table 3 presents the
test-trial configurations. The composition of
the baseline training cluster was altered from
this point in the experiment on by adding C-
D trials. The new baseline training trials were
selected randomly without replacement such
that no trial type could occur three times un-
til all had occurred at least twice. The trial
types were A-B, B-A, B-C, and C-B, as before,
and C-D (see Table 3).

Baseline. Six 96-trial baseline-only sessions
were conducted; percentage of class-consis-
tent responding continued high and stable.

Retesting A-C transitive- and reflexive-like rela-
tions. Retests were conducted by presenting
two sessions of A-C and C-A tests and then
two sessions of between-class reflexive-like
tests to determine if these emergent relations
remained intact (see Table 3). As before,
each daily test phase was followed by the 96-
trial baseline phase.

Baseline. Next, six 96-trial baseline-only ses-
sions were conducted.

Testing composite D-B and transitive-like B-D re-
lations. These tests were conducted by pre-
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Table 3

Trial types in testing symmetric-like relations. The out-
come type is shown in parentheses (O1 5 grain; O2 5
pellets).

Sam-
ple

Comparisons

Co1 Co2
Sam-
ple

Comparisons

Co1 Co2

Train C-D
C1 D1 (O1) D2 C2 D2 (O2) D1

Test emergence of symmetric-like relation D-C
D1 C1 C2 D2 D2 C1

Retest of transitive- and between-class reflexive-like rela-
tions

Transitive-like relation A-C and C-A
A1
C1

C1
A1

C2
A2

A2
C2

C2
A2

C1
A1

Between-class reflexive-like (identity) relation
A1
B1
C1

A1
B1
C1

A2
B2
C2

A2
B2
C2

A2
B2
C2

A1
B1
C1

Test emergence of relations between D and Class Mem-
bers A and B

Transitive-like relation B-D
B1 D1 D2 B2 D2 D1

Composite symmetric- and transitive-like relation D-B
D1 B1 B2 D2 B2 B1

Transitive-like relation A-D
A1 D1 D2 A2 D2 D1

Composite symmetric- and transitive-like relation D-A
D1 A1 A2 D2 A2 A1

Baseline trials
A1
B1
B1
C1
C1

B1 (O1)
A1 (O1)
C1 (O1)
B1 (O1)
D1 (O1)

B2
A2
C2
B2
D2

A2
B2
B2
C2
C2

B2 (O2)
A2 (O2)
C2 (O2)
B2 (O2)
D2 (O2)

B1
A1
C1
B1
D1

Off-baseline training
D1 White (O1) none D2 White (O2) none

senting four consecutive sessions of 24 test tri-
als consisting of 12 trials each of B-D and D-B,
which were followed by the 96-trial baseline
phase (see Table 3).

Baseline. Next, six 96-trial baseline-only ses-
sions were conducted.

Testing composite D-A and transitive-like A-D re-
lations. These tests were conducted by pre-
senting four consecutive sessions of 24 test tri-
als consisting of 12 trials of each of A-D and
D-A, which were followed by the 96-trial base-
line phase (see Table 3).

Baseline. Next, 12 96-trial baseline-only ses-

sions were conducted; class-consistent re-
sponding remained stable.

Off-baseline training the D-O relation. This
phase was conducted to establish distinctive
sample responding to D stimuli by presenting
20 consecutive 96-trial sessions of class-consis-
tent differential reinforcement of a chain FR
5 to D1 or D2 on the center key and FR 1 to
a white lit side key. The bottom line of Table
3 presents the two trial configurations used
in training. Sample class-consistent reinforce-
ment followed side-key responding on all tri-
als of the 20 sessions. Side-key position was
counterbalanced. Sample duration ratios
from the last session are shown in the Appen-
dix. All subjects demonstrated distinctive sam-
ple responding that corresponded to the
class-consistent differential-reinforcement
contingency. Following this off-baseline train-
ing, the pigeons were tested again as after D-
C training in the same sequence as before:
testing symmetric-like D-C relations; baseline;
retesting A-C transitive-like and reflexive-like
relations; baseline; testing composite D-B and
transitive-like B-D relations; baseline; and test-
ing composite D-A and transitive-like A-D re-
lations.

RESULTS

Figure 1 presents the results of testing tran-
sitive-like A-C C-A relations. On the A-C trials,
4 of the 12 pigeons selected the class-consis-
tent comparison on over 80% of the trials for
both classes, and 7 more were above 70%
class-consistent responding for both classes.
On the C-A trials, 2 of the 12 demonstrated
class-consistent performance above 80%, and
6 others were above 70% class-consistent re-
sponding for both classes. The sample dura-
tion ratios during the test trials indicated the
sample-distinctive responding produced by
class-consistent differential reinforcement.
There was clear evidence of the emergence
of a transitive-like relation for pigeons with
the use of class-consistent differential rein-
forcement during training clusters.

The results of testing between-class reflex-
ive-like relations are presented in Figure 2.
On trials when A was the sample, the perfor-
mance of 7 of the 12 pigeons was above 80%
class consistent for both classes, and all but
five of the values were above 70%. On trials
when B and C were the samples, the perfor-
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Fig. 1. Results of testing transitive-like relations. The top left panel presents the percentage of trials with class-
consistent A-C responses for each class for each pigeon. The top right panel presents the results for the C-A test
trials, and the bottom panel presents the sample duration ratio for the A and C samples during testing.

mance of 9 of the 12 pigeons was above 80%
class consistent for both classes, and all but 2
of the test performances (when C was the
sample) were above 70% class consistent.
When the sample and one comparison were
identical (i.e., the other comparison had a
different number designation), pigeons se-
lected the comparison from the same class as
the sample, displaying emergent reflexive-like
relations.

The results of testing within-class reflexive-
like relations are presented in Figure 3.
When A was the sample, 5 of the 12 pigeons
selected the baseline trained comparison
(e.g., A1-B1) on over 80% of the trials for
both classes, as indicated by values less then
20% of the identity relation. One pigeon was
above 70% for both classes. When B was the
sample, none of the 12 pigeons selected the
baseline trained comparison (A or C) on over
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Fig. 2. Results of testing between-class reflexive-like relations. The percentage of class-consistent (identity) trials
is indicated for each sample designation for each pigeon. The top left, top right, and bottom left panels present the
results when A, B, and C were the samples, respectively. The bottom right panel presents the sample-duration ratio
for samples during testing.

80% of the trials for both classes, although 2
pigeons were at or above 70% on the B-C re-
lation only. When C was the sample, 3 of the
12 pigeons selected the baseline trained com-
parison (e.g., C1-B1) on over 80% (i.e., less
than 20% identity matching) of the trials for
both classes, and 2 others selected the base-
line trained comparison above 70%. When
the A-C relation was assessed, 1 of the 12 pi-

geons selected the transitive-like C compari-
son on over 80% of the trials for both classes,
and none selected the transitive-like A com-
parison above 80%, although 1 was above
70% of the trials for both classes.

Pigeons did not respond systematically to
the previously trained comparison when the
other comparison was identical to the sample
(i.e., the stimulus control baseline was dis-
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Fig. 3. Results of testing within-class reflexive-like relations. The top left, top right, and bottom left panels present
the results when the A-B, B-C, and A-C relations, respectively, were pitted against the reflexive-like relation for each
pigeon for each class. The bottom right panel presents the sample-duration ratio for samples during testing.

rupted). For each of the trained relations,
each pigeon had responded and its respond-
ing had been reinforced over 1,000 times
during training and baseline sessions. The
overall pattern of responding indicated some-
what less stimulus control by the training clus-
ters on trials with B as the sample compared
to those with either A or C as the sample. The
present study cannot account for this effect,
but the B stimulus, like a nodal value, served

as both sample and comparison with two oth-
er classes, whereas the A and C stimuli each
occurred with only the B stimuli. Further ex-
perimental analysis of each stimulus control
relation in terms of the combined control to
select (Type S) the ‘‘correct’’ comparison and
reject (Type R) the other comparison is sug-
gested by these data.

The results of testing the symmetric-like,
composite (symmetric- and transitive-like),
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and transitive-like relations with the D stim-
ulus following C-D training are presented in
Figure 4. There was no evidence of the emer-
gence of the symmetric-like relation, and
sample-duration ratios during test trials indi-
cated that there was no distinctive sample re-
sponse pattern when D stimuli were samples.
There was no indication of the emergence of
the composite D-B or D-A relations. In the
tests for the transitive-like B-D and A-D rela-
tion (see middle row of Figure 4), 6 and 3 of
the 12 pigeons, respectively, were near or
above 80% in class-consistent responding for
both classes, and the overall pattern of re-
sponding indicated class-consistent respond-
ing.

Upon retesting, the transitive-like A-C re-
lation and between-class identity-like relation
began to degrade. Overall percentage of
class-consistent responding was down to
81.08%, 80.92%, and 85.5% for the 12 pi-
geons for the A-C transitive-like, the C-A tran-
sitive-like, and the between-class reflexive-like
relations, respectively.

The results of the second testing of the
symmetric-like, composite (symmetric- and
transitive-like), and transitive-like relations
with the D stimulus following off-baseline
training are presented in Figure 5. There was
the suggestion of an emergent symmetric-like
relation; 4 of 12 pigeons demonstrated a ten-
dency (above 70% for both classes) for class-
consistent responding. There was emergence
of the composite symmetric- and transitive-
like D-B and D-A relations in 1 of the pigeons,
and 3 others approached (70%) class-consis-
tent performances on the D-B relation. The
transitive-like B-D and A-D relations contin-
ued to occur for 2 and 5 of the 12 pigeons,
respectively. Comparison of Figures 4 and 5
indicates the effects of the off-baseline train-
ing. The off-baseline training provided two
components, the presentation of D stimuli in
the role of samples, in a different (i.e., center
key) location (Iversen, Sidman, & Carrigan,
1986) and the stimulus-consistent differential
reinforcement.

The second retesting of the transitive-like
A-C and between-class reflexive-like relations
indicated further weakening. Overall per-
centage of class-consistent responding was
down to 72.11%, 74.11%, and 78.31 for the
12 pigeons for the A-C transitive-like, the C-

A transitive-like, and the between-class reflex-
ive-like relations, respectively.

DISCUSSION

Training clusters that arranged class-consis-
tent differential reinforcement with different
outcomes resulted in distinctive sample re-
sponding. Subsequent tests for emergence
demonstrated transitive-like, reflexive-like,
and symmetric-like relations. The respon-
dent–operant interaction apparently aug-
mented emergent relations and encouraged
a nonhuman model of stimulus class forma-
tion that is distinct from classes established by
stimulus generalization and from functional
classes. It is possible that stimulus generaliza-
tion could explain various stimulus control
relations, although the systematic nature of
the results among individuals and the fact
that each pigeon had a unique set of stimuli
prohibit a simple stimulus-generalization ac-
count.

Not all pigeons responded under stimulus-
class-like control on each test. Nevertheless,
the basic intention of the study was accom-
plished; to enhance the emergence of stim-
ulus–stimulus relations through class-consis-
tent differential reinforcement. The stimulus
classes formed were not simply functional
classes (Goldiamond, 1966), such as those es-
tablished by Vaughan (1988, 1989) wherein
stimuli were equivalent in behavioral func-
tion or substitutable (Galloway & Petre, 1968;
Sidman, Wynne, Maguire, & Barnes, 1989)
for one another in terms of a reinforcement
contingency (also see Nakagawa, 1986, 1992).
Equivalence-like classes were produced,
wherein untaught stimulus–stimulus relations
emerged from training clusters that set the
occasion for reinforcement in a four-term
contingency (Sidman, 1986). The class mem-
bers were substitutable in the match-to-sam-
ple procedure, based on conditional discrim-
inations, and the stimulus control relations
resembled those that define equivalence clas-
ses.

To best understand how this procedure
might enhance equivalence-class-like forma-
tion, consideration must be made within the
four-term contingency of (a) the sample fol-
lowed by (b) the comparison controlling (c)
a terminal response that (d) produces rein-
forcement (Sidman, 1986). Does the re-
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Fig. 4. Results of testing the symmetric-like, composite (symmetric- and transitive-like), and transitive-like relations
following C-D training. The top left, center, and right panels present the percentage of trials with class-consistent
responses for the D-C symmetric-like, the D-B composite, and the D-A composite relations, respectively, for each
pigeon for each class. The middle row presents the results of the B-D and A-D transitive-like tests, and the bottom
row presents the sample-duration ratios during testing.
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Fig. 5. Results of testing the symmetric-like, composite (symmetric- and transitive-like), and transitive-like relations
following off-baseline training of the D-O relation. See Figure 4 for details.



109CLASS-CONSISTENT DIFFERENTIAL REINFORCEMENT

quired observing response to the sample cre-
ate an additional intermediate term? Perhaps
we should posit a response to any stimulus
that enters into a stimulus control relation
whether the response is required by contin-
gency, elicited by sign tracking, or is proce-
durally unobservable (see the ‘‘coding re-
sponse’’ of Lawrence, 1963, and the
‘‘perceptual response’’ of Schoenfeld & Cum-
ming, 1963). Nevertheless, in the current
procedure a response was required to the
sample to produce the comparisons. Conceiv-
ably, class-consistent differential reinforce-
ment with different outcomes sequentially
augments the relations between the terminal
response and the outcome, the comparison
and terminal response, the observing re-
sponse and comparison, and the sample and
observing response, all of which consequently
may contribute to the emergent stimulus–
stimulus relations between sample and com-
parison on transitive-like, reflexive-like, and
symmetric-like test trials.

First, the terminal response–outcome rela-
tion generates, perhaps through a Pavlovian
process, remarkably sensitive and consistent
variation in behavior on the basis of the qual-
ities and quantities of hedonic stimuli (Allan
& Zeigler, 1994). If the present procedure
had required an FR 5 comparison require-
ment, perhaps this distinctiveness would have
been illustrated in the terminal response.
From this respondent–operant view, the com-
parison now, in part, serves as a conditioned
stimulus (CS) and, in turn, the sample ac-
quires CS properties, illustrated in the pres-
ent study by the development of distinctive
class-consistent sample duration ratios. From
outcome to terminal response, by means of a
Pavlovian process, the comparison and the
sample, perhaps by means of higher order
conditioning for the sample, manifest an ap-
pended association that is correlated with the
operant discriminative contingencies. There
is known to be an enhancement of stimulus
control when operant contingencies require
distinctive responding to specific discrimina-
tive stimuli, especially samples in the match-
to-sample procedure (Cohen, Brady, & Low-
ry, 1981; Cohen, Looney, Brady, & Aucella,
1976; McIntire, Cleary, & Thompson, 1987;
Paul, 1983; Sacks, Kamil, & Mack, 1972). A
more detailed analysis of the procedure is re-
quired to assess whether the nature of this

advantage is based on an augmented com-
posite stimulus control relation through the
addition of respondent discriminative con-
trol, or if the conditioned responses, both to
sample and comparison, provide additional
stimulus elements which, in turn, expand the
contingent stimulus control relation.

Distinctive responding to stimulus class
members, whether elicited via stimulus–rein-
forcer contiguity, occasioned by way of con-
tingency, or both (Urcuioli & DeMarse,
1994), is significant because it summons
many traditional accounts of emergence
based on response mediation (e.g., Jenkins,
1963; Miller & Dollard, 1941; Osgood, 1953),
is identified with recent deliberation regard-
ing naming and emergence (see Horne &
Lowe, 1996; Lowe & Horne, 1996), and cor-
responds with contentions that a linguistic
repertoire is required for equivalence class
formation and, conversely, that verbalization
may be the product of equivalence class for-
mation (R. R. Saunders & Green, 1992; Sid-
man, 1990). A claim of equivalence class for-
mation with nonhuman animals by McIntire
et al. (1987) was criticized (Hayes, 1989; K. J.
Saunders, 1989) on the basis that if the train-
ing clusters required distinctive responses to
the discriminative stimuli, response media-
tion precluded the demonstration of emer-
gent stimulus–stimulus relations (Sidman &
Tailby, 1982). Such an analysis of these pro-
cedures suggests that the performances indi-
cating emergence in the novel arrangements
of test trials are not, in fact, untrained. Pro-
cedures that result in distinctive responding,
however, should not be precluded from an
analysis of stimulus class formation (Bentall,
Dickins, & Fox, 1993; Dickins, Bentall, &
Smith, 1993; Manabe, Kawashima, & Stad-
don, 1995) because distinctive responding to
different discriminative stimuli, as a para-
digm, may be pivotal for understanding
equivalence class formation in humans. The
difficulty ahead lies in establishing a vocabu-
lary that can narrate a dynamic process
wherein responses, or perhaps the stimulus
properties they engender, enter into the stim-
ulus control relations that influence emer-
gence.

Finally, emergent relations may not meet
the formal requirements of equivalence class
formation if O1 and O2 enter into stimulus
control relations due to their stimulus prop-
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erties. Reinforcers become members of the
equivalence classes and can be used to ex-
pand class membership with humans (Dube,
McIlvane, MacKay, & Stoddard, 1987; Dube,
McIlvane, Maguire, Mackay, & Stoddard,
1989; Shenck, 1994). In the present study, by
training A1-B1-O1 and B1-C1-O1, the A-C re-
lation may not entail a transitive relation with
the B stimulus as the node, but may reflect
stimulus relations between each Class 1 dis-
criminative stimulus and O1, such that A1-O1
and C1-O1 account for the control by C1 fol-
lowing A1. When hedonic stimuli have been
utilized as discriminative stimuli (Hall, Ray, &
Bonardi, 1993; Holland, 1981; Holland &
Forbes, 1982; Steirn, Jackson-Smith, & Zen-
tall, 1991; Zentall, Sherburne, & Steirn,
1992), emergent-like relations occur, al-
though as above, these may not meet the for-
mal requirements for the definition of equiv-
alence class formation. Outcomes as class
members, however, might help to explain the
emergence of the transitive-like B-D and A-D
relations following the C-D training cluster.
Further investigation into the enrollment of
the stimulus properties of the reinforcing
event as a class member will be required to
address this issue.

Behavior demonstrating emergent-like re-
lations described by a rule such as ‘‘if the
sample is of Class 1, then select a Class 1 com-
parison’’ was observed, and when a reflexive
comparison was presented with a same-class
member, the addition of the second within-
class alternative disrupted stimulus control.
Of further interest, in the within-class reflex-
ive-like tests, was the apparent difference be-
tween the B stimuli, which had served as both
sample and comparison with two other class
members, and the A and C stimuli, which
each occurred only with the B stimuli. Spe-
cifically, the baseline stimulus control rela-
tions were disrupted more by the addition of
a reflexive comparison when B stimuli were
samples than when either A or C stimuli
served as samples. This result suggests that
various relations within the class may vary in
strength based on training procedure and en-
courages additional study of the matter.

The present procedure permits the obser-
vation of distinctive responding to discrimi-
native stimuli which appears to covary with
the emergence of stimulus control. Proce-
dures that generate distinctive responding to

discriminative stimuli need not be linked to
attempts to postulate central explanatory
mechanisms of behavioral control (Dickin-
son, 1980; Hull, 1931, 1939; Rescorla & Sol-
omon, 1967). The three-term operant contin-
gency (Skinner, 1935) places the reinforcer
such that no additional characterization of
Pavlovian conditioning is required. Class-con-
sistent differential reinforcement with differ-
ent outcomes requires appending the role of
response–reinforcer and stimulus–reinforcer
relations in creating and shaping new stimu-
lus control relations and new responses dur-
ing acquisition that may enter into the initial-
training reinforcement contingency (Balsam,
1988).
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A summary of the training clusters presents the total number of sessions and, for the last
session of each cluster, the percentage of class-consistent responses, the sample duration ratio
(duration of Class 1 samples over duration of Class 2 samples), the percentage of responses
to Class 1 comparisons, and the percentage of responses to the left comparison.

Pigeon Sessions

Last session

% class
consis-

tent

Sample
duration

ratio
% Class

1 % left Sessions

Last session

% class
consis-

tent

Sample
duration

ratio
% Class

1 % left

Procedure 1 (A-B and B-A criterion; first 20 sessions of A-B/B-A without correction)
Class-inconsistent differential reinforcement

10
16
20
21

A-B associative training
10
5
9
4

98
95
97
98

0.85
0.76
1.29
0.93

51
50
51
52

50
48
50
49

B-A associative training
11
4
2
3

95
95
90
99

0.96
1.17
0.82
1.00

52
51
48
47

51
47
49
50

Class-consistent differential reinforcement

11
13
15
18

A-B associative training
10
9

13
6

92
97
90
95

0.63
0.39
0.49
0.60

51
51
52
47

48
50
49
50

B-A associative training
3
4
5
5

92
97
92
93

0.80
0.52
0.62
0.52

50
47
50
49

49
48
51
52

Procedure 2 (five sessions each of A-B and B-A; all A-B/B-A with correction)
Class-inconsistent differential reinforcement

09
19
53

A-B associative training
5
5
5

58
88
66

1.12
0.89
1.30

60
44
47

43
46
51

B-A associative training
5
5
5

94
92
98

0.96
1.08
0.93

49
46
50

48
46
50

54 5 88 0.96 51 42 5 88 0.87 58 54

Class-consistent differential reinforcement

01
17
51
52

A-B associative training
5
5
5
5

77
72
75
69

0.75
0.61
0.87
0.54

52
61
56
69

51
54
33
71

B-A associative training
5
5
5
5

96
99
80
97

0.53
0.77
0.29
0.65

51
49
54
52

47
50
45
53

Procedure 2 (five sessions each of A-B and B-A; all A-B/B-A with correction) retrained, including all pretraining
phases

Class-consistent differential reinforcement

19
20
21
54

A-B associative training
5
5
5
5

58
68
79
68

0.78
0.81
0.73
0.65

79
77
62
79

47
51
52
41

B-A associative training
5
5
5
5

94
89
82
93

0.64
0.41
0.81
0.59

55
50
66
48

48
49
60
49

Procedure 1 (A-B and B-A criterion; first 20 sessions of A-B/B-A without correction)
Class-inconsistent differential reinforcement

10
16
20
21

A-B/B-A discrimination training
without correction procedure

20
20
20
20

51
56
60
71

0.99
0.95
1.03
1.11

51
48
40
48

10
81
23
43

A-B/B-A discrimination training
with correction procedure

50a

50a

34b

50a

56
83
90
83

1.01
1.03
1.30
1.00

46
48
50
54

41
47
49
46

Class-consistent differential reinforcement

11
13
15
18

A-B/B-A discrimination training
without correction procedure

20
20
20
20

70
63
83
82

0.39
3.18
2.27
0.82

74
88
67
65

58
50
42
54

A-B/B-A discrimination training
with correction procedure

11
34
27
9

92
95
97
92

0.30
0.55
0.39
0.74

52
51
51
52

51
48
50
48
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Pigeon Sessions

Last session

% class
consis-

tent

Sample
duration

ratio
% Class

1 % left Sessions

Last session

% class
consis-

tent

Sample
duration

ratio
% Class

1 % left

Procedure 2 (five sessions each of A-B and B-A; all A-B/B-A with correction)
Class-inconsistent differential reinforcement

09
19

A-B/B-A discrimination training
with correction procedure

50a

50a
69
77

1.00
1.15

50
48

34
50

53
54

50a

50a
70
69

0.98
1.02

52
50

44
63

Class-consistent differential reinforcement

01
17
51
52

A-B/B-A discrimination training
with correction procedure

14
13
7
5

91
95
94
94

0.79
0.43
0.26
0.32

50
50
47
49

51
47
50
51

Retrained, including pretraining phases
Class-consistent differential reinforcement

19
20
21
54

A-B/B-A discrimination training
11
8
4
9

94
96
90
96

0.35
0.73
0.78
0.55

47
49
46
51

49
50
51
50

Class-consistent differential reinforcement

11
13
15
18
01
17
51
52
19
20
21
54

B-C associative training
11
8

13
3
5
5
5
5
5
5
5
5

95
96
92
94
97
96
95
89
96
94
93
96

0.53
0.87
0.28
0.66
0.51
0.78
0.65
0.75
0.74
0.48
0.37
0.84

48
51
50
49
52
50
47
48
51
48
48
49

49
49
47
53
47
51
49
49
49
50
51
50

C-B associative training
2
4
8
2
5
5
5
5
5
5
5
5

96
97
92
95
95

100
90

100
96
97
95
92

0.63
0.55
0.72
0.85
0.74
0.58
0.62
0.71
0.61
0.60
0.72
0.46

50
50
52
51
47
51
48
50
51
50
49
51

51
51
51
53
50
51
49
50
48
50
52
52

Class-consistent differential reinforcement

11
13
15

B-C/C-B discrimination training
with correction procedure

8
4
8

91
97
92

0.81
0.40
0.66

51
51
49

47
51
50

18
01
17
51
52
19
20
21
54

6
3
3
4
5
3
3
5
4

100
92
99
92
95
91
95
95
92

0.77
0.59
0.71
0.43
0.35
0.37
0.94
0.42
0.52

48
52
49
51
50
51
50
50
53

50
52
51
52
51
51
49
50
51
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Pigeon Sessions

Last session

% class
consis-

tent

Sample
duration

ratio
% Class

1 % left Sessions

Last session

% class
consis-

tent

Sample
duration

ratio
% Class

1 % left

Class-consistent differential reinforcement

11
13
15
18
01
17

C-D discrimination training
with correction procedure

29
10
19
11
5
4

96
93
92
95
99
94

0.75
0.41
0.39
0.49
0.61
0.75

52
50
49
50
50
49

51
49
50
49
52
48

Off discrimination training baseline

20
20
20
20
20
20

100
100
100
100
100
100

0.52
0.27
0.35
0.31
0.25
0.81

c d

51
52
19
20
21
54

8
10
5
6
4
5

97
91
95
90
92
94

0.45
0.80
0.32
0.50
0.54
0.60

49
52
50
48
53
49

51
50
50
51
51
52

20
20
20
20
20
20

100
100
100
100
100
100

0.51
0.48
0.62
0.54
0.46
0.73

a Indicates that the procedure was terminated without reaching the criterion.
b This pigeon was not continued to B-C training cluster.
c,d Not reported because there was no comparison choice.


